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Plasma membranep1p is a membrane-bound O-acyltransferase. Previous works involved GUP1 in a
wide range of crucial processes for cell preservation and functioning. These include cytoskeleton polarization
and secretory/endocytic pathway, GPI-anchor remodelling, wall composition and integrity, and membrane
lipids, with a reduction in phospholipids and an increase in acylglycerols. DRM fractions were found in
considerably lower amounts in gup1Δ than in wt strain. Additionally, the proteins presumably associated
with lipid micro domains, Gas1p and Pma1p, were present in much smaller amounts in the mutant DRMs.
Pma1p is also found in minor quantities in the whole cells extracts of the gup1Δ mutant. Accordingly, H+-
ATPase activity was reduced in about 40%. Deletion of GUP1 resulted in higher sensibility to speciﬁc
sphingolipid biosynthesis inhibitors and a notorious resistance to ergosterol biosynthesis inhibitors.
Furthermore, the majority of mutant cells displayed an even (less punctuated) sterol distribution. The
present work presents improvements to DRMs extraction methodology and ﬁlipin-sterol staining, provides
evidence supporting that Gup1p is involved in lipid metabolism and shows the direct consequences of its
absence on the plasma membrane sphingolipid-sterol-ordered domains integrity/assembly.
© 2008 Elsevier B.V. All rights reserved.1. IntroductionHigh fractions of sterols and sphingolipids are present in plasma
membrane (pm), distinguishing this from the other sub cellular
membranes [1,2]. Sterols and sphingolipids can self-associate, forming
rather stable clusters and thus sub microscopic domains [1,2], to
which certain types of proteins (acylated and glycosylphosphatidyli-
nositol, GPI-anchored proteins) preferentially bind [1,2]. Several
important roles in dynamic processes have been attributed to these
sterol and sphingolipid-rich domains, including protein sorting during
exo- and endocytosis, cell polarity and signalling [2–5]. Presently,
much controversy exists around their existence in vivo in yeasts
[2,4–7]. Conversely, in mammalian cells, structure and functions of
these micro domains (or lipid rafts as also denominated) are well
documented [2,4–7].
Recent studies have identiﬁed in fungi another type of pm lipid
associations, the sterol-rich domains (SRDs) [5,8]. SRDs were located
at sites of active morphogenesis, thus indicating a possible develop-
mental- or cell cycle-dependent regulation [5,8]. Moreover, some
virulence factors in pathogenic yeasts were placed in the SRDs [5],
conferring to these domains particular importance as targets for
antifungal drugs [5]. Direct evidence for the functions recognized to
either lipid rafts or SRDs in yeasts have been difﬁcult to achieve, yet it
is consensual that ergosterol and sphingolipids, as well as their351 253678980.
ll rights reserved.interactions, are involved in the physiological roles characteristic of
these domains [3,7,9–12].
The S. cerevisiae Gup1p belongs to the membrane-bound O-
acyltransferase family [13]. The lipidmembrane composition of gup1Δ
mutant presents lower content in phospholipids and increased
amounts of triacylglycerols and diacylglycerol [14]. GUP1 was ﬁrstly
associated with a growth defect in glycerol-based media and for
interfering in glycerol/H+-symporter activity [15], and gup1Δ mutant
grows poorly on salt, ethanol and weak carboxylic acids [15,16].
Moreover, GUP1 is also implicated in a wide range of crucial processes
for cell preservation and functioning: membrane [13] and wall
composition and integrity [16], GPI-anchor remodelling [17,18],
secretory/endocytic pathway [19], and cytoskeleton polarization
during mitosis and budding [20]. Recently, GUP1 was shown to be
essential for anaerobic sterol uptake [21].
A possible involvement of Gup1p in GPI remodelling process was
suggested initially by Bosson et al. [17], based on the observation that
most mature GPI anchors in gup1Δmutant cells contained lyso-PI, and
other PIs, with conventional C16 and C18 fatty acids [17,22]. However,
in the absence of GUP1 it is still possible to ﬁnd the same ceramide
anchor types (IPC/B and IPC/C) of wt strain, and a new one (IPC/D), not
found in the wt [17,22]. Another ﬁnding not predicted is the unusual
nature of lyso-PI forms (base-resistant anchor lipids) found on the
gup1Δ mutant and not in the wild-type [17,22].
It is not in the scope of this work to argue whether yeast pm
actually contains in vivo lipid rafts, SDRs or any other type of lipid-
ordered domains. The pm heterogeneous lipid distribution is a
Fig. 1. Lipid-ordered domains are affected by GUP1 deletion. (A) SDS-PAGE analysis of
wt and gup1Δmutant DRMmembrane fractions extracted as described in Materials and
methods. (B) Expression analyzes byWestern Blot of DRM fractions associated proteins,
Pma1p and Gas1p, of the fractions presented in (A). Representative data are shown from
repeat experiments.
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special domains. In the present work, it was not possible to identify
the precise Gup1p dependent acyltransferase reaction/s. However, we
show evidence demonstrating that the GUP1 gene interferes in lipid
metabolism, leading to profound alterations on sphingolipid-sterol-
ordered domains integrity/assembly. This provides a rationalization
gathering all the diverse roles and phenotypes of GUP1/Gup1p/gup1Δ
reported in the last decade, as well as the multiple sub cellular
localization of Gup1p [15,23].
2. Materials and methods
2.1. Strains, media and growth conditions
S. cerevisiae strains used in this work were W303-1A (MATα leu2-3
leu2-112 ura3-1 trp1-1 his3-11 his3-15 ade2-1 can1-100) [24] and
BHY54 (isogenic to W303-1A but GUP1::His5+) [15]. Batch cultures of
yeast were grown at 30 °C aerobically on complexmedium (YP: 1% (w/
v) yeast extract; 2% (w/v) peptone) supplemented with 2% (w/v)
glucose (YPD) as carbon and energy source. Incubation was done at
160 rpm, orbital shaking with air/liquid ratio 2.5/1. Growth was
monitored spectrophotometrically at 600 nm. Solid media were
supplemented with 2% (w/v) agar.
2.2. Pma1p activity
The activity of the pm ATPase was indirectly determined, as the
velocity of Pma1p-derived extra cellular acidiﬁcation, upon the
addition of a pulse of glucose 1 M to an un-buffered cell suspension,
as described before [25,26].
2.3. DRMs isolation
DRMs (Detergent Resistant Membrane domains) were isolated
essentially as described by Insenser et al. [27] with some optimiza-
tions. Cells were grown at 30 °C in 100 ml YPD medium up to an
OD600 nm of 7–8, collected by centrifugation, washed once in 100 ml
of cold water, and lyophilized at 0.075 mbar (Christ Alpha RVC — B.
Braun Biotech International). Biomass dry weight was determined.
Cell pellet was resuspended in 500 μl cold TNE buffer (50 mM Tris–
HCl, pH 7.4, 150 mM NaCl, 5 mM EDTA) with 2.5 μg/ml pepstatin and
25 μl protease inhibitor cocktail tablets (ROCHE) (TNEi). Subsequently,
cells were disrupted mechanically in the same buffer, using 425 μm∅
glass beads in a Kaiser homogenizer (B. Braun) equipped with a cooler
system during 5 min. Cell extracts were separated from glass beads
and cell debris by centrifugation at 500 g for 5 min. The cleared lysate
was then centrifuged at 18,000 g for 45 min at 4 °C. The new pellet
(total membranes) was resuspended in 50 μl TNEi buffer. Total
quantity of protein was at this stage determined by Lowry method. A
deﬁned amount of total protein (2.5 mg) was transferred to a micro
tube and added 418 μl of TNEi buffer. The mixture was then incubated
with Triton X100 (1% ﬁnal concentration) for 30 min on ice. After
extractionwith Triton X100, the lysate was supplemented with 930 μL
Optiprep solution (Sigma) (ﬁnal concentration 40% Optiprep) and
transferred to an appropriated centrifuge tube. The resulting suspen-
sion was ﬁrstly overlaid with 8.6 ml 30% Optiprep (in TNEi), then with
1ml TNEi and subjected to a centrifugation at 245,000 g for 5 h at 4 °C,
in a TH641 rotor (Sorval Ultracentrifuge). Eight fractions of equal
volume were collected ensuring that the milky-interface obtained
between the 30% Optiprep and TNEi had been carefully separated and
transferred, without contamination by the upper and lower fractions,
to a new centrifuge tube. This was added 11 ml of TNEi and the
suspension centrifuged at 245,000 g for an extra hour at 4 °C. The
resulting pellet was lyophilized and the dry weight determined as
described above. Fractions were precipitated with TCA, and analyzed
by SDS-PAGE.2.4. Immunoblotting
Analytical 12% reducing SDS-PAGE gels were electro blotted onto
nitrocellulose membranes (Hybond; Amersham Pharmacia Biotech)
according to Kyhse-Andersen [28]. The following antibodies were
used for immunoblotting: rabbit anti-Gas1p (a gift from H. Riezman,
University of Basel, Switzerland) at 1:20,000, and rabbit anti-Pma1p (a
gift from R. Serrano, Polytechnic University of Valencia, Spain) at
1:50,000. Immunoreactive bands were detected using horseradish
peroxidase-labelled anti-rabbit IgGs (Amersham Biosciences) and an
ECL detection system (Amersham Biosciences).
2.5. Sensitivity to lipid biosynthesis inhibitors
2.5.1. Drop tests
Drop tests were performed from mid-exponential YPD cellular
suspensions containing approximately 1×106 cells/ml. Ten-fold serial
dilutions were made, and 5 μl of each suspension was applied on the
selective media. Results were scored after 5 days of incubation at
30 °C. Selective conditions were as follow: coerulenin (0.25, 0.5, 1, 2, 3
and 3.2 μg/ml), myriocin (5, 7.5 and 10 μg/ml), fumonisin B1 (50, 100
and 200 μM), clotrimazole (200, 300 and 500 μM), ketoconazole (200,
300 and 500 μM), ﬂuconazole (100, 300 and 500 μM) and
fenpropimorph (60, 120 and 240 μg/ml). All chemicals were obtained
at the highest available grade (Sigma-Aldrich).
2.5.2. Methyl-blue diffusion test
Alternatively, we assayed the sensitivity to lipid biosynthesis
inhibitors with a methyl-blue-diffusion plate test. Sterile ﬁlter disks
(BBL) of 6 mm diameter were placed on top of YPDmethyl-blue plates
seeded with 5 ml of a wt or gup1Δ mutant mid-exponential culture.
The ﬁlter disks were impregnated with 5 to 10 μl of the fol-
lowing drugs: coerulenin (4 μg/ml), myriocin (10 μg/ml), fumonisin
B (500 μM), clotrimazole (400 μM), ketoconazole (400 μM),
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incubated at 30 °C, and halos of inhibition were scored after 3 days.
Again, all chemicals were obtained at the highest available grade
(Sigma-Aldrich).
2.6. Filipin/sterol ﬂuorescence microscopy
Sterol-lipid distributionwas assessed in vivo using ﬁlipin. This was
performed basically as described before [29]. For ﬂuorescence
microscopy, cells were mounted directly on slides with a 10 μl drop
of anti-fading agent Vectashield (Vector Laboratories) to overcome the
instability of this dye, and observed in a Leica Microsystems DM-
5000B epiﬂuorescence microscope with appropriate ﬁlter settings.
Images were acquired through a Leica DCF350FX digital camera and
processed with LAS AF Leica Microsystems software.
3. Results
3.1. Lipid-ordered domains are affected with GUP1 mutation
We analyzed lipid-ordered domains in gup1Δ mutant cells by
extracting the detergent resistant membrane (DRM) fractions [3]. In
order to overcome themain methodological points of disagreement in
the literature around DRMs extraction and their signiﬁcance [5,6],
several improvements were made to the method described before
[27]. These consisted in a) optimizing the density gradient by
increasing the centrifugation time to 5 h, and b) extracting the
minimum volume of the milky-interface of the top gradient, whichFig. 2. Loss of GUP1 confers altered sensitivity to speciﬁc lipid biosynthesis inhibitors. Isogeni
fold serial dilutions were spotted onto YPD plates supplemented with either ergosterol, sphi
30 °C and photographed after 5 days. Representative data are shown from repeat experimeessentially contains the DRM fractions. This was subjected to another
centrifugation for additional decontamination of the adjacent gradi-
ent phases. Moreover, extra care was taken to ensure that an identical
amount of total protein, originated from each strain, was used as start
point for the treatment with TritonX100, obtaining this way, the same
protein/detergent ratio in all samples.
The pellet of themilky-interface second centrifugation (DRMs)was
weighted (see Materials and methods), analyzed by SDS-PAGE and by
Western Blot for the expression of pm H+-ATPase Pma1p and the GPI-
anchored Gas1p (Fig. 1), typical markers for lipid rafts [5,27,30,31]. The
total amount of DRMs extracted from wt cells was around 40% bigger
(in dry weight) than the one obtained with gup1Δ mutant cells (not
shown), mirrored by SDS-PAGE (Fig. 1A). SDS-PAGE also showed a
distinct protein proﬁle between the two strains (Fig. 1B). In particular,
Gas1p appears in considerably lower quantity in the gup1Δ mutant
DRM fraction than in the wt, and Pma1p was below the level of
detection by Western Blotting (Fig. 1B). These results suggest that
GUP1 deletion confers a different assembling of proteins putatively
associated with lipid-ordered domains.
3.2. Conﬁrmation of the Gup1p-lipid biosynthesis link
We examined the growth behaviour of the mutant in the presence
of selective inhibitors of lipid biosynthesis, in order to conﬁrm a
possible link between Gup1p, lipid biosynthesis and lipid-ordered
domains [32–35].
We used four ergosterol biosynthesis inhibitors (EBIs), hampering
different steps of ergosterol biosynthesis [32,33]. The gup1Δ mutantc wt and gup1Δmutant were grown tomid-exponential phase in YPDmedium, and ten-
ngolipids and fatty acid inhibitors on the indicated dosage. All plates were incubated at
nts.
Fig. 3.Deletion of GUP1 provokes different growth inhibition halos in response to speciﬁc lipid biosynthesis inhibitors. Sterile ﬁlter disks were impregnated with the drugs and placed
on top of YPD methyl-blue plates seeded with 5 ml of a wt or gup1Δmutant mid-exponential culture. Halos of growth inhibition were measured (mm) after 2 or 3 days. Dead-halos
are indicated by arrows. Representative data are shown from repeat experiments.
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better in the presence of clotrimazole and ketoconazole (200 μM–
300 μM), ﬂuconazol (100 μM–500 μM) and fenpropimorph (60 μg/ml)
(Fig. 2). Consistently, gup1Δ mutant showed narrower halos in
methyl-blue diffusion assay (Fig. 3) without the dark contour
characteristic of cell death and visible in wt (arrows in Fig. 3). When
exposed to myriocin or fumonisin B1, speciﬁc sphingolipid biosynth-
esis inhibitors (SBIs) [14], gup1Δmutant was more sensitivity than the
wt (Fig. 2). This was more evident with myriocin than with fumonisin
B1 (Figs. 2 and 3). Fumonisin B1 provoked growth inhibition, while
myriocin actually killed the cells (arrows in Fig. 3). On the other hand,
the presence of coerulenin, a fatty acid biosynthesis inhibitor (FABI),
did not cause any signiﬁcant effect on both strains (Figs. 2 and 3).
These results clearly show an interference of GUP1 deletion on
ergosterol and sphingolipid biosynthesis.
3.3. GUP1 deletion affects sterol lipid distribution
We analyzed the distribution of sterols in the gup1Δmutant pm by
ﬂuorescence microscopy using ﬁlipin [5,8,29,36]. To overcome the
quick photobleach and toxicity of this dye [5,36], the methodology
was improved by adding an anti-fading agent to the microscope
preparations (see Materials and methods) and by fast observation (1–
2 min).
As expected, thewt pmwas not stained homogeneously, but rather
in distinct patches (Fig. 4, [36]). This proﬁle was recently attributed tothe SRDs and to eisosomes [5,36]. Furthermore, in a great number of
wt cells, ﬂuorescence was also observed associated with internal
membranes, as described before (triangles in Fig. 4) [5,36]. On the
other hand, most gup1Δ mutant cells showed an atypical homo-
geneous ﬁlipin-stain distribution at the level of the pm (Fig. 4). A few
bright spots (arrows in Fig. 4) could still be observed in a small number
of cells, as well as some ﬂuorescence associated with internal
membranes. These ﬁndings indicate that GUP1 deletion interferes
with the maintenance and distribution of sterol levels.
3.4. Plasma membrane functionality is affected in the absence of GUP1
Lipid-ordered domains according to the above results are clearly
affected by GUP1 deletion. Furthermore, the presence of Pma1p was
imperceptible in themutant DRMs. These two indications suggest that
the H+-ATPase activity in the mutant should be altered, caused by the
scarce presence of Pma1p and/or the lack of its association with lipid
rafts. Either way, the H+ extrusion activity by Pma1p should be
affected in the mutant and consequently also the pm proton-motive-
force (p.m.f.).
To conﬁrm this hypothesis, the activity of the H+-ATPase was
indirectly determined by recording the velocity of extra cellular
acidiﬁcation [25,26]. Parental cells achieved an external acidiﬁcation
of ≈3.0 mmol [H+]/h/g (dry weight), while identical gup1Δ mutant
cells suspensions only attained ≈1.9 mmol [H+]/h/g (dry weight) (Fig.
5, upper panel). This corresponds to a reduction of about 40% in the
Fig. 4. GUP1 mutation results in a defective sterol lipid distribution. The images show
ﬁlipin staining of the wt and gup1Δ mutant cells grown in YPD at 30 °C till mid-
exponential phase. Cells were stained with a fresh solution of ﬁlipin (5 mg/ml)
stabilized onto slides with a drop of an anti-fading agent and promptly visualized and
photographed. White arrows point to occasional ﬁlipin stained sterol spots, and yellow
triangles point to ﬁlipin stained sterols possibly associated with internal membranes.
Representative data are shown from repeat experiments.
Fig. 5. Plasma membrane functionality is affected in the absence GUP1. Activity of the
pm ATPase, in wt and gup1Δmutant mid-exponential grown cells, measured indirectly
as Pma1p-derived external acidiﬁcation velocity upon addition of a pulse of glucose
(upper panel). The same cells were used for the analysis of Pma1p expression by
Western Blot (lower panel). Representative data are shown from repeat experiments.
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tern Blotting, a lower quantity of Pma1p was found in the total cell
extracts of gup1Δmutant than in the wt (Fig. 5, lower panel). This is in
harmony with the difﬁculty in detecting this protein in the mutant
DRMs (Fig. 1).
4. Discussion
Previous works [14, 16–19], when taken together, point to the
involvement of Gup1p in lipid-ordered domains. GUP1 gene interferes
with cytoskeleton polarization during mitosis and budding [20],
secretory/endocytic pathway [19], the wall composition and integrity
[16], GPI-anchor remodelling [17,18], and with the lipid composition
[14]. In this work we present consistent evidence involving the yeast
acyltransferase Gup1p on lipids metabolism, and show the direct
consequences of its absence on the lipid-ordered domains integrity/
assembly.
Our conclusion is supported by the following observations. (1)
DRM fractions were found in lower amounts in the mutant strain than
in the wt. (2) The GUP1 deletion confers a different assembling of
proteins putatively associated with lipid-ordered domains. (3) The
GPI-anchored Gas1p expression is considerably inferior in the mutant
DRMs. (4) Pma1p presence is imperceptible in the mutant DRM
fractions and is signiﬁcantly reduced in whole cells extracts. (5)
Pma1p-derived extra cellular acidiﬁcation, and consequently pm
p.m.f., are disturbed by GUP1 deletion. (6) gup1Δ mutant strain is
sensitive to speciﬁc SBIs. (7) The strain lacking Gup1p presents a
notorious resistance to several EBIs. (9) Finally, and more impor-
tantly, the mutant cells display an altered sterol distribution at the
level of pm and internal membranes.
A distinct susceptibility to lipid inhibitors is taken as indicative of an
altered lipid metabolism [32–35]. The use of SBIs resulted in a higher
sensitivity of the gup1Δ mutant cells. A smaller effect of fumonisin B1
was observed in both strains compared with myriocin (growth
inhibition/growth death). This could be explained since the inclusion
of the long chain of fatty acids to dihydrosphingosine (the step where
fumonisin B1 interferes) may happen through an alternative pathway[32,33]. On the other hand, cells lackingGUP1 present an apparent small
amount of the sphingolipids attached to the GPI moiety as determined
by TLC (thin-layer chromatography) [37]. This might be the reason
behind (1) the scarce presence of Gas1p in the mutant DRMs, (2) the
substantial delayon the transport of Gas1p to themembrane [17] and (3)
its abnormal release to the extra cellular medium [unpublished results,
17]. Supporting this hypothesis, the vesicular transport of theGPI protein
Gas1p from the ER to the Golgi was found to be dependent on ongoing
sphingolipid biosynthesis [38]. Interactions between sphingolipids and
ergosterol are also known to be important determinants of lipid
biosynthesis inhibitors resistance [11,32–35]. We found that gup1Δ
mutant cells were clearly more resistant to EBIs than the wt. Curious is
the fact that EBIs acted differently over gup1Δmutant and wt cells. EBIs
actually killed thewt cells and therefore we observed a dead halo in the
methyl-blue diffusion assay. On the other hand, EBIs only provoked
growth inhibition in the gup1Δmutant cells. The different susceptibility
of gup1Δmutant cells to these drugs evidently indicates an altered lipid
metabolism as a consequence of the deletion of GUP1. A complete and
detailed gup1Δ mutant lipid proﬁle would be indispensable for the
identiﬁcation of the precise Gup1p biochemical function in the
metabolismof sphingolipids and sterol lipids, and is under investigation.
There is not a good single deﬁnition of lipid rafts, but particular
lipids (sphingolipids and ergosterol) form speciﬁc membrane struc-
tures, lipid-ordered domains [1,2]. The extraction of DRMs, although
controversial, has been commonly used for studying lipid-ordered
domains [2–5,17,27,30,31]. The reduction in about 40% in the amount
of DRMs extracted from the gup1Δ mutant pm is per se a strong
indication that these special domains are altered in the mutant.
Several possible causes can underlie this result. One ﬁrst cause could
relate to the gup1Δ mutant SDS-PAGE different protein proﬁle. A
second reason might relate to the lower amount of proteins found in
the gup1Δ mutant DRMs, in spite that the same quantity of total
protein from both strains was used to extract these. Namely, Pma1p
and Gas1p (lipid rafts markers) were reduced to trace amounts. GPI-
anchored Gas1p in the gup1Δ mutant is released to the extra cellular
medium [unpublished results, 19], in our opinion, possibly due to a
malformed GPI lipid moiety. However, not only GPI-anchored proteins
preferentially associate to lipid-ordered domains [1,2]. This is the case
of Pma1p which DRM amounts were below the Western-Blot
detection level. Finally, a third cause associates with the lower
number of sterol aggregates observed in the mutant ﬁlipin stained
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sphingolipids. In accordance, Gup1p was recently reported to be
vital for anaerobic growth and required for the uptake of sterol under
these conditions [21,39], in which yeasts are not able to synthesize
sterols and unsaturated fatty acids [33,39].
Pmap proton pump is themajor responsible for themaintenance of
p.m.f. across the plasma membrane. The malfunction of this protein
causes a reduction on active transporters activity. The deletion of
GUP1 is associated with a reduction on the activity of glycerol/H+
symporter [15]. The results now obtained show that Pmap is present
in very low amounts in the gup1Δ mutant total cell extracts.
Accordingly, the external acidiﬁcation concomitant to this pump
activity is reduced in 40%. This reduction, and its counterpart on p.m.f.,
can justify the drop on the glycerol symporter activity observed in the
gup1Δmutant, which is of the same magnitude [15]. Moreover, a p.m.
f. malfunction also gives a rationalization to the previous observation
concerning gup1Δ mutant moderate growth defect in face of salts,
ethanol or weak carboxylic acids [15,16].
In S. cerevisiae Gup1p was suggested to perform the acylation on
sn-2 position of GPI anchors [17,18]. In mammalian cells the same
acylation is performed by Pgap2p, whose homologue in S. cerevisiae is
Cwh43p, a wall-related protein [22]. In a recent work [40], Cwh43p
was implicated in this same reaction, and also in the subsequent steps
of GPI-anchor remodelling process. Very recently, Abe et al. [41]
demonstrated that the mammalian Gup1p has a completely different
function, acting as a negative regulator for N-terminal palmitoylation
of Sonic hedgehog protein, a lipid modiﬁcation obtained by an
acylation reaction [41]. Thus considering, Gup1p involvement in GPI
remodelling process could happen through the inﬂuence on the lipids
available for the formation of the anchors, rather than the acylation of
the anchor sn-2 position. Therefore we propose that Gup1p, as an
MBOAT acyltransferase, acts on lipids metabolism, and we show the
profound alterations of GUP1 deletion on the sphingolipid-sterol-
ordered domains integrity/assembly.
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